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The Doppler shift of small bandwidth (several Hertz) 
microwave signals makes identification of spectral features 
difficult; the Doppler individual bandwidth shift can be a 
factor of hundreds or thousands of times greater than the 
bandwidth. A computer model supplied by the National 
Aeronautics and Space Administration's (NASA) Search for 
Extra-Terrestrial Intelligence (SETI) project, which can 
simulate radio frequency interference (RFI) and a buried ETI 
signal, will determine the limits of the signal-to-noise 
ratio (SNR) and false alarm threshold for identification of 
the signal after Doppler shifting. By running the model on 
a MicroVAX II computer, it will be possible to measure the 
limits of the Doppler shifts for signal identification. It 
is possible that SETI could use the parameters investigated 
in this study to detect artificial non-random microwave 
signals and/or microwave radio leakage from outside our 
solar system once corrections in the Doppler effect have 
been made. 
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Introduction 
Scanning the Milky Way galaxy for artificial non-random 
microwave signals will pose a great problem for the 
scientists from the Search for Extra-Terrestrial 
Intelligence (SETI) projects located throughout the world. 
These microwave signal may be in the form of either 
continuous wave and/or pulse signals emanating from Extra-
Terrestrial Intelligence (ETI) civilizations. Some of the 
problems associated in detecting these microwave signals 
will be due to spurious radio frequency interference (RFI) 
and the Doppler effect (e.g. the Earth's rotation and 
orbital motion). A computer model will be used in 
determining the limits in the signal-to-noise ratio, and 
false alarm threshold of the artificial non-random (ETI) 
signal, eventually making it easier to detect in the 
presence of Doppler shifting. 
Statement of the Problem 
RFI is present as naturally occurring (e.g. stellar 
radio emissions, and ionospheric noise) or artificially 
created (e.g. satellite transmission or automobile ignition) 
emissions. RFI hampers the detection of signals in the 
range of frequencies near the RFI band. The quietest 
portion of the microwave window is a frequency band in the 
1-10 Ghz (109 Hz) band range and is called the "water hole" 
at 1.42-1.56 Ghz. Furthermore, large Doppler frequency 
shifts make low-level signals difficult to analyze, 
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especially with periodic motion. This study will improve 
artificial non-random microwave signal detection by 
determining the limits of the signal-to-noise ratio and 
false alarm threshold of the artificial non-random portion 
of the signal being affected by the motion of the receiver 
or transmitter. 
Since hydrogen is the most abundant element in the 
universe and the "water hole" is the quietest portion of the 
microwave window, the communication signals may be found in 
the "water hole" within the microwave window. If there were 
intelligent life outside the solar system it is assumed that 
ETI civilizations may attempt to communicate within this 
1.42 to 1.56 GHz band. 
Review of Related Literature 
Man has often wondered whether intelligent life exists 
in our universe. Today, with our level of technology, this 
dream may become a reality with the use of super-computers, 
radio astronomy and spectral analyzers that could enable man 
to listen to signals emanating from outside our solar 
system. Cullers (1985) states that: 
Modern theories of stellar evolution suggest 
that almost all single stars and a 
substantial fraction of binary stars have 
planets. The Galaxy alone contains about 200 
to 400 billion stars of which about five 
percent are "good" suns: stars that, in their 
hydrogen-burning phase, radiate enough light 
and heat to warm an Earth like planet and do 
so long enough for intelligent life to 
develop (p. 1151). 
To indicate the vast distance between stars with relation to 
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our own solar system, Hartmann (1989) points out that our 
Milky Way galaxy is 97,800 light-years (Ly) across, and 
1,340 Ly thick. Bova (1990) notes that radio astronomy 
spectral analysis, which measures the presence of various 
elements inherent within various stars, could determine that 
stars with intelligent life, like the Sun, may exist 
elsewhere in our galaxy. Moreover, according to Arkhipov 
(1988), the spectral classes of stars in similar star 
systems that would contain other civilizations may fall into 
the low mass stellar range. Bova (1990) also claims that 
radio waves are the most logical means of signaling their 
presence for two distinct reasons; l) radio waves travel at 
the speed of light (300,000 km/s); and 2) radio waves can 
travel through gas and dust clouds, called the inter-stellar 
medium, which is scattered throughout the galaxy. Seeds 
(1989) claims that radio telescopes are more sensitive than 
conventional visible telescopes for detecting life on other 
planets. Using the tools of radio astronomy to search for 
unusual signal patterns, not characteristic of stars or any 
other natural occurring signals, causes some problems, 
however. Bova (1990) states RFI is a major problem as far 
as identifying what portion of the radio spectrum to focus a 
search upon. 
Some terrestrial noise, such as communication and 
weather satellites, radio, TV, and military communications, 
is generated here on the Earth. Linscott (1987) reveals 
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that "...the most sensitive searches have placed extreme 
demands on the frequency stability of the signal, because 
the most detectable signals are those with the most narrow 
bandwidth." It is important to note that these signals can 
be of two types. As Schwartzman (1988) has pointed out, 
"... such searches should distinguish between those 
anticipating beacons from advanced civilizations and those 
anticipating leakage radiation from emergent civilization." 
Thus, a civilization can either broadcast their presence by 
sending out a deliberate signal or, like Earth (which has 
been broadcasting our presence for over 60 years with TV, 
radio, and satellites), transmitting our presence 
inadvertently. 
Bova (1990) states that a great deal of RFI occurs 
below 1.0 GHz, with noise attributed to electrons in the 
Milky Way galaxy's magnetic field, and above 10.0 GHz with 
noise from oxygen and water vapor. To date, research has 
been focused between these two frequencies, a region 
identified as the microwave window. Furthermore, an 
intensive search has been made within the quietest region of 
the window at 1.42 GHz (where neutral hydrogen, HI, is 
observed), and 1.56 GHz (where OH, the hydroxy1 radical is 
observed) called the "water hole." In this low noise 
portion of the spectrum, SETI scientists believe that 
artificial non-random microwave signals may be detected. 
Figure 1 illustrates where the microwave window and water 
hole are located with respect to noise temperature and 
frequency. 
. 1 1 10 100 1000 
v (GHz) 
Figure 1. The Microwave window and the Water Hole (Morrison 
et al., p. 70) 
SETI receiver antennae are designed to scan the skies 
in two different search modes. Currently there are two 
major SETI projects: 1) the entire sky search conducted at 
Jet Propulsion Laboratory (JPL) using part of the NASA Deep 
Space Network (DSN) and 2) a selective search being carried 
out by SETI researchers at Ames Research Center, Moffett 
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Field, California focusing on specific candidate stars. 
Both projects will take advantage of the large 340 m radio 
telescope at Arecibo, Puerto Rico. Both projects use narrow-
band searches with the latest in computer technology, 
including a Multi-Channel Spectral Analyzer (MCSA) that 
contains 80 million channels at 1 Hz bandwidth. A network 
system located in Australia will use a 70-meter antenna to 
monitor stars that will be below the declination range of 
the Arecibo telescope. Deich (1987) points out the 
following in the all sky survey: 
The sky is divided into patchwork quilt, each 
element of which can be observed in a few 
hours by rapidly scanning the radio telescope 
beam. While the beam moves a small fraction 
of its width across the sky, spectral data 
from each beam area analyzed for the presence 
of narrowband signals, which are stored for 
confirmation and reobservation (p. 380). 
Jones (1988) revealed that particular emphasis within this 
targeted search project will be placed on stars within 20 Ly 
because civilizations on planets circling those stars may 
have already detected our TV, radio, or satellites and sent 
a response that could be reaching Earth by now. 
It is important to note that the expected (or 
candidate) signal is processed by the MCSA in the following 
way: The initial signal will pass through an analog to 
digital converter, which converts the given signal into 
workable form for the computer. Next, the signal is placed 
through two bandpass filters. The first bandpass filter 
places the signal into 73.7 KHz channel widths. The second 
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bandpass filter places the signal into 1024 Hz channel 
widths. Finally, an 1152-point Discrete Fourier Transform 
(DFT) is performed on the signal and is multiplexed into 1-
32 Hz channels. The DFT system is a microprocessor chip 
which makes use of an efficient Fourier transformation 
algorithm called a Fast Fourier Transform (FFT). All 
together the MCSA can handle 74,000 channels in real time. 
There is an MCSA currently under development which will 
eventually handle 80,000 channels. 
Starting from the 1.42 to 1.56 GHz region, the signal 
is separated into 1 Hz bandwidth bins. The digital spectra 
is then processed to look for a constant high power signal, 
then stored in an 80 megabyte accumulator circuit for later 
analysis. Finally the accumulated signal is analyzed for 
critical baseline and threshold values to eliminate any 
false alarm signal that may fall outside of the search 
parameters. A phase shift with respect to the artificial 
non-random microwave signal is then performed in order to 
correct for Doppler effects. 
Another approach to searching the sky for signal 
beacons or extraneous leakage is through continuous 
observations without requiring dedicated telescope time 
(Bowyer 1988). This type of search conducted in the early 
1980s was named the Berkeley Piggyback SETI Program or 
Search for Extraterrestrial Radio Emission from Nearby 
Developed Intelligent Populations (SERENDIP II). Although 
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the researchers were unable to search the sky and 
frequencies of their choosing, Bowyer (1988) comments: 
"... in view of the plethora of postulated frequency regimes 
for interstellar communication and the large number of 
potential sites for civilizations that have been suggested, 
this is not necessarily a disadvantage." 
Bova (1990) indicates that beginning in the early 
1970s, the search for artificial non-random microwave 
signals started with sporadic stops and starts. Many 
different universities such as Ohio University (which has 
the longest running SETI project and uses its own 175 foot 
diameter radio telescope) encountered an unusual signal 
dubbed the "Wow!" signal in 1977, but it was never 
encountered again. The signal did not appear stellar or 
terrestrial in nature. The signal was a momentary one and, 
due to a lack of time, was not traceable. Dixon (1987) 
states that a new strategy will be carried out at Ohio State 
University for detecting artificial non-random signals. The 
new strategy will be to stop scanning and monitor any 
significant detected signal. To date there has been no 
convincing extraterrestrial signal detection. 
Finally, it should be noted that the signals that SETI 
is examining may be either continuous or pulsed (a signal 
which is on or off for a specified length of time). 
Morrison (1977) states that these signals that SETI may 
encounter may be a one-way communication from intelligent 
9 
life elsewhere in our galaxy. However, trying to pick an 
ETI signal out of a sea of noise may prove to be a big 
challenge. This challenge is compounded as well by what is 
called the Doppler affect. 
In discussing Doppler effect, one has to consider how a 
signal propagates through space. As the book Project 
Cvclops (1973) points out, a signal can propagate through 
space affected in different ways. A signal can propagate 
with either left or right circular polarization, horizontal 
or vertical polarization, or intermediate values. The 
polarization diagram called the Poincare sphere depicts this 
in figure 2. 
LEFT CIRCULAR 
POLARIZATION 
RIGHT CIRCULAR 
POLARIZATION 
Figure 2. The Poincare sphere: depicting various ways a 
signal can propagate through space. (Project 
Cyclops, p. 207) 
As an artificial non-random microwave signal propagates 
through space and is received by the SETI antennae, the 
signal may also exhibit a Doppler shift. The central 
frequency of the signal being observed may decrease. This 
is caused by the source of the signal moving away or the 
Earth moving away (such as rotation or orbital motion) from 
the source of the signal. If the signal is received with 
the source and the receiver at the same speed there is no 
Doppler shift. If the transmitter and receiver are 
approaching each other the signal increases in frequency. 
The problem lies in maintaining the central frequency of the 
signal during observations. 
To summarize, much work in the field has already been 
accomplished by SETI and other universities around the 
country. To identify any possible artificial non-random 
microwave signals outside our solar system, SETI and its 
supporters must focus their attention on the elimination of 
these various types of interferences. Finally, correcting 
the Doppler shifting of the affected signal will make 
identifying any possible signals or microwave radio leakage 
emanating from outside our solar system easier. With the 
advent of faster computers and funding by Congress, SETI can 
now move forward and possibly realize its dream and obtain 
an answer to an ageless question: Are we alone in the 
universe? 
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Statement of the Hypothesis 
Since observing artificial non-random microwave signals 
in a 1 Hz bandwidth will be difficult due to the Doppler 
effect, the limits of this artificial non-random microwave 
signal can be obtained through computer simulation. It is 
hypothesized that determining the limits of the artificial 
non-random microwave signals will provide the SETI project 
with a means to correct the Doppler shift. This will make it 
feasible to detect any possible artificial non-random 
microwave signals that might be present within the "water 
hole". 
Method 
Samples 
The samples for this study were the 10 observations of 
each run over the various parameter limits set by the 
experimenter within the instrument, called the NASA SETI 
model. These samples helped to determine the artificial 
non-random microwave signal's limits under the effect of 
Doppler shifting. These samples consisted of observations 
containing ETI tracks identified and accumulated over many 
observation periods. 
The parameter limits of these observations were 
selected over the expected range of physical limits of the 
SETI model. These variables employed within the model range 
as follows and are listed in Appendix A: 
• ETI SNR: 1 - 10 db 
• RFI SNR: 0, 5, 10 db 
• ETI FAT: 1.0E-11, 1.0E-9, 1.0E-7, 1.0E-5, 1.0E-3 
• RFI FAT: 1.0E-3 
• ETI drift rate: 0, 1, 2, 3, 4, 5 channels/second 
The signal-to-noise ratio (SNR) of both the non-random 
microwave signal (ETI) and the radio frequency interference 
(RFI) represents the signal intensity generated by the SETI 
model during each observation throughout the experiment. 
Furthermore, the false alarm threshold of both the ETI and 
RFI signal represents the probability level from which the 
signal detector observes an artificial non-random microwave 
12 
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signal or a false hit. A false hit is encountered more 
often by the signal detector if both ETI false alarm 
threshold and the RFI false alarm threshold ratio approaches 
unity. Finally, the ETI drift rate is the Doppler affect 
which is introduced in the experiment to study the effect of 
Doppler on artificial non-random microwave signal detection 
over each run. 
Each run consisted of 10 observations with the above 
parameters. Some of these parameters were held constant 
while the rest were allowed to vary over each run. To gain 
a even distribution of results over all of the observations, 
the ETI SNR range 1 through 10 observations were allowed to 
vary over each run. Each run held constant the RFI SNR at 
either 0, 5, or 10 db. Furthermore, each run held constant 
the ETI FAT listed above, while the RFI FAT was held uniform 
over every observation at 1.0E-3. Finally, the ETI drift 
rate over each run was also held constant at 0 through 5 
channels/second. 
By examining the success in identifying non-random 
signals, the experimenter was able to observe the number of 
tracks accumulated after the rejection process. Thus, the 
Doppler shifting affects on an ETI signal at varying levels 
of ETI drift rates from 0 to 5 channels/sec was determined. 
Instruments 
The instrument was a computer model (created by the 
NASA SETI project members) written in part in the "C" 
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programming language and in part in Fortran, a scientific 
programming language. The C portion of the model prompts 
the user for the initial data required to run the model. 
The Fortran portion of the SETI model was utilized in 
generating a signal containing both an ETI and RFI signal. 
Fortran was used in this part of the model because of 
Fortran's unique capability of generating and working with 
complex numbers. Finally, the Fortran part of the program 
was also responsible for the fast Fourier transform of the 
signal, converting the simulated ETI signal from the 
frequency domain to a time domain series. 
The SETI model also contains a simulated signal 
detector contained within the C portion of the model. This 
portion of the model mimics two different antenna inputs; 
one is an omnidirectional noise signal and the other a 
simulated directional non-random signal. The Fortran 
portion of the model generates both the ETI and the RFI 
signals. 
Due to the possibility of signal drift between 
channels, the signal was placed in a spectral track format. 
This enables the signal detector within the model to keep 
statistical details on the signal. Finally, another type of 
drift was also introduced within the model. For this 
experiment, the ETI drift rate was held constant at either 
0, 1, 2, 3, 4, or 5 channels/second for each 10 observation-
run. The ETI and RFI signal to noise ratio, and false alarm 
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threshold were also parameterized at the beginning of each 
10 observation-run. The ETI signal to noise ratio varied 
from 1 through 10, while the RFI signal to noise ratio was 
held constant at either 0, 5, of 10 db over each 10 
observation-run. Finally, the RFI false alarm threshold was 
held constant at 1.0E-3, as the ETI false alarm threshold 
varied from 1.0E-11, 1.0E-9, 1.0E-7, 1.0E-5, and 
1.0E-3 over each 10 observation-run. 
After the signal is placed in a track format the signal 
detector analyzes the power values of each spectral sample 
over each observation. If the signal detector finds the 
same starting channel and power value from the signals in 
both antennae, the SETI model rejects this track. If the 
ETI signal is detected in the directional antenna (signal) 
and not in the RFI antenna, then the track containing the 
ETI signal is saved and the number of like tracks are 
accumulated over each observation. Thus, the signal 
detector performs a rejection process, counting those tracks 
containing an ETI signal observed in the directional and not 
appearing in the omnidirectional antenna. 
At the end of each of the observations, signal 
recognition statistics were retained. This data included 
the SNR of both the ETI and RFI signal, and the false alarm 
threshold of both the ETI SNR, RFI SNR, and the number of 
tracks accumulated after a rejection process containing an 
ETI signal. 
Design 
The basic design of this study was to utilize the NASA 
SETI model on a Digital Equipment Corporation (DEC) MicroVAX 
II computer and examine the effects of Doppler shifts on 
artificial non-random microwave signal (ETI signal) 
detection. The signal limits were parameterized with 
respect to signal-to-noise ratio and false alarm threshold 
of both the ETI and RFI part of the signal. This was 
accomplished by executing the SETI model using the signal 
parameters outlined in the Sample and Instruments sections 
and are also listed Appendix A. Variables that were held 
constant over each 10 observation-run included the RFI SNR, 
the RFI false alarm threshold, and the ETI false alarm 
threshold. 
By taking into account the ETI drift rate, ETI signal 
to noise ratio, the false alarm threshold, and the 
accumulated ETI tracks after the rejection process, the 
experimenter placed the resulting data and parameters of the 
SETI model into a Lotus 123 spreadsheet listed in Appendix 
C. A series of three dimensional graphs were also created 
to aid in visually recognizing the minimum and maximum 
number of tracks that were accumulated after each rejection 
process. 
All developments, support, and results of updated 
information regarding the model were coordinated by phone 
with the NASA SETI project coordinator Dr. Kent Cullers. 
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This study attempted to determine the limits of the signal-
to-noise ratio and the false alarm threshold of the 
artificial non-random microwave signal in the SETI model 
affected by varying amounts of Doppler shifting. It was 
necessary to isolate the artificial non-random signal by 
statistically tracking the signal based on its frequency and 
power. This determined the number of tracks accumulated 
after the rejection process based on the specific parameters 
discussed earlier. The parameters of the signal input and 
detection will be confirmed with NASA Ames Research Center's 
SETI project. These parameters can be field tested in the 
MCSA and, if warranted, could be added to the hardware 
configuration which could aid in establishing limits on the 
Doppler effect in SETI's real time observation expected to 
begin in October 1992. 
Procedure 
It was anticipated that the SETI model would reveal 
the number of tracks containing an ETI signal observed in 
both antennae after undergoing a rejection process to 
eliminate any spurious results. The SETI model employed the 
parameters listed in Appendix A and were obtained from the 
SETI project as being the approximate parameter limits 
needed to run the SETI model effectively-
The SETI model was executed in ten parameter increments 
beginning with an ETI drift rate of 0 channels/second 
through 5 channels/second. Over each specific ETI drift 
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rate the RFI false alarm threshold was kept at a constant 
value of l.OE-3, with the ETI false alarm threshold starting 
at 1.0E-11 to l.OE-3 over each set of ten observations. 
Furthermore, over each observation sample the ETI signal to 
noise ratio is adjusted starting with 1 db through 10 db. 
Finally, this processes was repeated with RFI signal to 
noise ratios of 0, 5, and 10 db. The resultant data was 
finally stored for later analysis and graphing by the 
experimenter. 
Results of Experiment 
The signal identification model forwarded by the NASA 
SETI members was tested for successful identification of a 
buried artificial non-random microwave signal within random 
noise and under the effects of Doppler shifting. The 
identification of the signal was based on the number of 
tracks accumulated after the rejection process over a range 
of ETI signal to noise ratios (measured in db) and over a 
range of ETI drift rates (measured in channels/sec). 
Examination of accumulated tracks as seen in the graphs 
show that as the ETI signal to noise ratio increased from 1 
to 10 db over each run, greater number of tracks containing 
an ETI signal were accumulated. In general, more ETI tracks 
were accumulated with an ETI drift rate of 0 channels/sec 
than with higher drift rates from 1 to 5 channels/sec as 
expected. Within the above range, approximately, 8 ETI 
tracks were accumulated at an ETI SNR of 2 or 3 db, with an 
ETI drift of 0 channels/sec, and across the entire range of 
RFI SNR. This represented the minimum tracks accumulated 
with regard to the ETI's SNR and drift rate. 
At the high end of the scale, 400 to 490 or more ETI 
tracks were accumulated with an ETI SNR of 10 db and an ETI 
drift of 0 channels/sec. As the ETI drift increased from 1 
to 5 channels/sec, the number of ETI tracks accumulated 
decreased as the ETI drift ratio increased from 1 to 5 
channels/sec. However, the rejection rate is increased when 
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higher levels of RFI SNR are employed. An RFI SNR of 5 and 
10 db, shows more tracks accumulated with higher levels of 
ETI SNR ranging from 2 to 10 db. As expected, lower levels 
of the selected ETI FAT had a corresponding increase in ETI 
tracks accumulated with a maximum drift rate ranging from 
0 - 1 channels/sec. 
While inspecting the three dimensional graphs 
containing an RFI SNR of 0, 5, 10 db over a range of ETI FAT 
from 1.0E-7 to l.OE-3, the ETI accumulated tracks ranged 
from 18 to 30 or more tracks at the low end, up to 400 to 
490 or more on the high end respectively. This indicated to 
the experimenter that with higher levels of both RFI SNR and 
ETI FAT, significantly more ETI tracks are accumulated than 
with lower levels. 
Analysis and Conclusion 
The resulting useful range of parameters indicated by 
the simple accumulation of tracks containing an ETI signal 
shows the RFI SNR from 0, 5, and 10 db with a range of ETI 
SNR of 1 to 10 db. False alarm threshold probability values 
of l.OE-3 for the signal appeared to improve signal 
recognition through the accumulation of larger number of 
tracks after the rejection process. However, as revealed 
earlier, as both ETI and RFI false alarm threshold ratio 
approached unity (both ETI and RFI false alarm threshold at 
l.OE-3) larger number of tracks were accumulated though a 
good portion of these tracks may be false identification. 
These parameters provided a successful range of drift rate 
(regarding the drift of the ETI signal) values for 
identification from 0 to 5 channels per second. 
It was anticipated that by using the NASA SETI computer 
model, the limits of the signal-to-noise ratio and the false 
alarm threshold of both the artificial non-random microwave 
signal and RFI signal affected by Doppler shifts in the one 
Hertz bandwidth could be determined. It has been seen that 
based on experimental evidence using the SETI model that, in 
general, considerably more ETI tracks were accumulated after 
the rejection process at an ETI drift rate of zero with 
higher ETI signal strengths of 10 db. Decreasing 
accumulated tracks occurred at increasing drift rates, 
showing a maximum limit of apparently 3 or 4 tracks 
21 
22 
depending on the SNR and threshold levels. A somewhat 
normal increase in accumulated tracks occurred as the ETI 
FAT diminished from 1.0E-9 to 1.0E-11 as more ETI tracks 
were accumulated around an ETI drift rate of 1 channel/sec 
over an ETI SNR range of 3 - 10 db. It is believed that 
this higher accumulation of ETI tracks at the 1 
channel/second drift rate indicates that the experimenter 
had exceeded the parameter limits or capabilities of the 
SETI model. 
This research will support the hypothesis that these 
approximate limits could be employed at the NASA SETI 
project to help correct for Doppler shift in the artificial 
non-random microwave signal detection. The successful 
results of this study will be sent to the NASA's SETI 
project for further evaluation and testing. 
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Appendix A 
Parameter Limits To Run SETI Model 
Artificial non-random microwave signal to noise ratio 
ETI SNR: 1 - 10 db 
Radio frequency interference signal to noise ratio 
RFI SNR: 0, 5, 10 db 
ETI False Alarm Threshold probability 
ETI FAT: 
1.0E-11, 1.0E-9, 1.0E-5, l.OE-3 
RFI False Alarm Threshold probability 
RFI FAT: 
l.OE-3 
ETI drift rate: 
0, 1, 2, 3, 4, 5 channels/sec 
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